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INTRODUCTION 
Genetic advance from selection for a trait within a 
population is a function of three factors: (a) selection 
intensity, ("b) amount of genetic variability present in the 
population, and (c) the heritability of the trait. However, 
the amount of genetic variability inherent in the population 
sets the ultimate limit on the level of progress that can be 
achieved. 
Mutations of genes and chromosomes are considered to pro­
vide the basic source of genetic variability for the evolution 
of plants. This primary source is enhanced through genetic 
recombination resulting from hybridization. 
Improvement of the yielding capacity of oats (Avena sa-
tiva L.j through plant breeding has not been as rapid as in 
some other widely grown crop plants. Browning et al. (1964) 
reported that oat yields per se have been increased 15^ in 
the midwestem USA during a 25-year period (1936-1960). Frey 
(1968) stated that the rate of improvement may be limited by 
the amount of available genetic variability for quantitative 
traits. 
One method for increasing genetic variability is via 
induced mutations. Studies with several crop species have 
shown that genetic variability for quantitative traits includ­
ing grain yield can be increased through mutagen treatment with 
radiation and chemical mutagens (Gregory, 1955; Ehrenberg 
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et al. 1956; Aronoff and Frey, 1958; Brock and Latter, I96I; 
Krull and Frey, I96I; Abrams and Frey, 1964; Gonzalez, 1964; 
jalil Kiah and Yamaguchi, 1965; Gaul,1965; Gustafsson and Gadd, 
1965a; Burton and Powell, 1969; Khadr and Shukry, 1972; Arias 
and Frey, 1973; Chandhanamutta, 1973; and Singh and Sharma, 
1976). This increased variability generally has been of little 
practical value for increasing yield because in the mutagen-
derived population it is accompanied by a lower mean, or it 
has associated deleterious effects on other traits. Perhaps 
this should be expected in contrast to natural genetic varia­
bility because induced genetic variability represents raw 
material which has not been screened by many generations of 
natural selection, and therefore, it is likely to contain a 
much smaller proportion of beneficial mutants. Mutations for 
a number of traits may be associated in mutagen-derived 
material (Emery et al., 1964; Emery et al., 1972; and 
Pacucci and Frey, 1972). 
Most attempts at improving yield via induced mutations 
have involved direct selection from mutagen-derived material, 
and overwhelmingly, there has been little success using this 
procedure (Arias and Frey, 1973). Some research suggests 
that induced mutations for improved yield per se do occur and 
that they can be released and exploited by crossing mutant 
and normal lines (Emery et al., 1964; Hagberg and Persson, 
1968; Frey, 1969; and Singh and Sharma, 1976). 
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The objective of my study was to evaluate the effective­
ness of outcrossing in contrast to direct selection for re­
leasing useful genetic variability for yield and other quan­
titatively inherited traits in mutagen-treated oats. 
4 
LITERATURE REVIEW 
Factors Affecting Mutation Spectrum and Efficiency 
Induction of mutations in Drosophila with X-radiation was 
first reported "by Muller (192?), and the use of radiation in 
plant breeding was first outlined by Stadler (I93O). Most 
early research on induced mutations was conducted in Europe, 
primarily Sweden. Considerable interest in this research 
area was prompted in the United States after World War II by 
the promising results from Sweden and the availability of 
funds for such work from the US Atomic Energy Commission. 
An extensive portion of the literature on induced muta­
tions examines the effectiveness of various treatment proce­
dures. Gustafsson and Gadd (1965a) presented a comprehensive 
review of the literature related to mutagen treatment of Avena. 
Ethyl methanesulphonate (EMS) has generally been more 
efficient than radiation for the induction of genetic varia­
bility for quantitatively inherited traits in crop species 
(Abrams and Prey, 1964; Gaul et al., I966; Joshi and Frey, 
1969; and Kawai, 1969). Kawai (I969) reported that for barley 
(Hordeum vulgare L.) EMS was the most efficient chemical muta­
gen, and that EMS induced chlorophyll mutations at a rate nearly 
three times higher than that induced by ionizing radiation. 
Gaul et al. (I966) found a higher frequency of positive micro-
mutations affecting yield following EMS than, following X-radia­
tion treatment. Gaul et al. (1972) reported that EMS produced 
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2.2 times as many mildew-resistant mutants as did X-radiation. 
EMS is an alkylating agent that produces point mutations 
by reacting with the deoxyribonucleic acid (DNA) chain causing 
a transition in nucleotide sequence (Shama Rao and Sears, 1964; 
Washington and Sears, 1970). Amano and Smith (19^5) and Amano 
(1968) reported radiation produced a larger number of chromo­
somal aberrations than did EMS in maize (Zea mays L. ). EMS 
induced gene mutations at the sh^ locus in maize were confirmed 
by Chourey and Schwartz (1971) by electrophoretic and immuno­
chemical procedures. The EMS induced mutation rate in maize 
for a single locus was reported by Amano and Smith (19^5) to 
— 2 be 4.7 X 10" . In barley, Arnason et al. (1962) observed 
0.398 mutants per spike in EMS treated seed versus O.OOO7 per 
spike for the control. In inbred lines of rye (Secale cereale 
L. ), chlorophyll mutations in M2-plants derived from EMS-
treated seed ranged from O.83 to 14.86^, whereas spontaneous 
mutation rates varied from 0.0 to 1.4^ in a study by Muntzing 
and 3ose (I969). D'Amato et al. (I962) observed that EMS 
treatment produced chlorophyll mutants in 6^ of the M2 popu­
lation in durum wheat (Triticum turgidum L.). 
Plant genotype can affect induced mutation rates. 
D'Amato et al. (1962) reported that two durum wheat varieties 
differed in rate of EMS-induced chlorophyll mutants. Three 
inbred lines of rye studied by Muntzing and Bose (I969) showed 
distinctly different frequencies of chlorophyll mutations when 
treated with EMS. Chandhanamutta (1973) studied natural and 
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induced mutation rates in diploid, tetraploid, and hexaploid 
oats, and he concluded that the mutation spectrum and rate 
are more dependent on trait, genotype, and mutagen type than 
on ploidy level. MacKey (1968) reported that the genetic 
contribution has a greater effect on mutagenic efficiency for 
alkylating compounds than for ionizing radiation in hexaploid 
wheat (Triticum aestivum L.). 
Spectrum cf mutations can be influenced by the mutagen 
used, lundqvist and von Wettstein (1962) found EMS to be more 
efficient for the induction of eceriferum barley mutants than 
was radiation, and Gustafsson arid Lundqvist (1976) found 
short-day barley mutants tended to come from sulphonate 
treatments, whereas long-day mutants came from ethyleneamine 
treatment. 
McKelvie (1962) noted in Arabidopsis thaliana L. that the 
spectrum of induced mutations varied with the concentration 
of the chemical applied. 
Treatment conditions may influence the frequency and 
array of mutants obtained. Abrams and Prey (1957)• Caldecott 
and North (1961), Ehrenberg et al. (1953) • and Wallace (1959) 
demonstrated that moisture content of treated seed affected 
the frequency and array of mutants obtained. Seed size and 
covering was reported by Gonzalez and Prey (1959) to affect 
mutation rate and type. 
Individual tillers often differ in mutation rates and 
this may be related to whether they originate from single or 
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from multicellular initials at the time of mutagen treatment. 
In rice (Oryza sativa L.), Yamaguchi (I962) observed two types 
of panicles on plants: (1) those that arose from a single 
cell and (2) those that arose from several cells. Swaminathan 
(1965) noted that the dormant embryo in wheat seed showed a 
high degree of differentiation even to the point of spike ini­
tiation. Caldecott and Smith (1952) concluded from cytoge-
netical studies of radiated barley seed that all cells of an 
individual spike descended from a single cell, but the mean 
size of mutated sectors in the first two tillers from X-
radiated barley seeds was found by Gaul (I96I) to consist of 
about 50^ of the florets of the spike. Later formed tillers 
were not chimeric. He interpreted this to mean that the first 
two spikes were each derived from two-celled initials, whereas 
the later formed spikes originated from one-celled initials 
at the time of treatment. Highest mutation rates were found 
in tillers which were differentiated in the embryo at the time 
of radiation. Similar results were reported by Sarvella 
et al. (1962) in barley. 
Induced Mutants for Plant Breeding 
Stadler (1930) and Stadler and Roman (1948) questioned 
the practical use of induced mutations in the improvement of 
crop plants because most of the mutants were associated with 
deleterious effects. A decrease in the mean of a quantitative 
trait in the M2 and has been demonstrated by many re­
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searchers. Gustafsson and Gadd (1965h) observed that mutagen-
derived clones of sweet potato (Ipomea batatas L. ) with no 
visible phenotypic variability were variable for yield. 
Gregory (1955. 1956) noted that the mean yield of normal-
appearing progenies from radiated peanuts (Arachis hypogaea L.) 
was reduced substantially, but the genetic variance among 
families derived from radiated seeds was nearly four times 
greater than for control families. In contrast, Oka et al. 
(1958), working with rice, reported X-radiation increased 
genetic variation for plant height and heading date without 
changing the mean for these traits. Similar results were re­
ported by Mertens and Burdick (1956) with tomato (Lycopersicon 
esculentum L. ), Brock and Latter (I96I) with subterranean 
clover (Trifolium subterranean L.), and Matsuo and Onozawa 
(1961) and Li et al. (I96I) with rice. Krull and Prey (I96I) 
studied the effect of thermal neutron (TN) radiation on two 
oat varieties and found that it increased genetic variability 
for heading date, plant hei^t, and 100-seed weight in both 
varieties and their hybrid. Further, induced variability 
and that produced by hybridization were equally heritable. 
In soybeans (Glycine max L. ), Rawlings et al. (1958) re­
ported significant genetic variability for yield, plant 
height, maturity, and seed size induced by TK and X-rays. 
Genetic variances in the radiated populations were five times 
greater than in the control; however, the increased varia­
bility for yield was largely in the negative direction. 
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Williams and Kanway (I96I) used TN and X-radiation to increase 
the genetic variability and heritability for oil and protein 
content in-soybeans. Shifts in the mean oil and protein 
percentages occurred, but these were associated with the 
treated genotype. Sakai and Suzuki (1964) observed increased 
genetic variation for quantitative traits in the genera­
tion of radiated rice, but most mutants were unidirectional 
and regressive. 
Gonzalez and Frey (1965) radiated seeds of five oat varie­
ties (one diploid, one tetraploid, and three hexaploids) and 
measured seven traits on Mg-derived check lines. Plant height 
of the radiated lines was shifted significantly to shortness 
in four varieties. For the other six traits radiation induced 
only three significant shifts in population mean out of a 
total of 30 possible. EMS induced variability for heading 
date and plant height in the Clintland 60 variety of oats was 
found by Abrams and Frey (1964) to be nearly unidirectional 
from the check mean, with most mutants being later and shorter 
than the check. Joshi (I967) reported that ER1S induced 
variability for heading date and plant height were mostly 
unidirectional from the check mean, with the means of the 
mutagen-derived populations generally being later and shorter 
than the check. Khadr (1970) treated two hexaploid wheat 
varieties with gamma rays and EMS and found significant varia­
tion for seed weight, width, and length. These mutagens were 
effective in inducing variability for heading date, plant 
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height, and spike length in wheat (Khadr and Shukry, 1972), and 
the induced variability generally was distributed equally 
around the check population mean. Arias and Prey (1973) 
treated 16 oat varieties (nine Com Belt, five non-Corn Belt, 
one tetraploid, and one diploidj with SKS and tested ^2-^6-
rived lines from Kg Plants that were phenotypically normal in 
appeamace. They found l60 negative and one positive mutation 
for grain yield from 1,141 lines tested. Genetic variability 
for grain yield was increased by 2 to 10 times over the 
corresponding check populations, but this increased variability 
was associated with a 17^ reduction in the overall mean yield 
of mutant lines. The mutant population mean was significantly 
lower than the corresponding check mean for 15 of the 16 
varieties treated. In the Com Belt varieties, mean grain 
yield reduction ranged from 5-0% for Orbit to Z8.5% for 
Goodfield. No correlation was observed between adaptiveness 
of the variety and the magnitude of reduction in mean yield 
caused by the mutagen treatment. 
Borojevic (1965, 1966, 1969. and 1971) reported that 
mutagen treatment of vulgare wheat with X-rays, TN. ethylenei-
mine, and EMS caused decreases in mean values and an increase 
in variabilities of quantitative characters in the Mg and 
Mutagen-derived populations were observed by Borojevic (1971) 
to recover rapidly in later generations. Mean values in­
creased, and variabilities decreased, approaching the control 
by in the absence of artificial selection. Some variability 
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was retained in the treated population. The spontaneous re­
covery was attributed to the elimination of chromosomal 
aberrations and other components of the genetic load. The 
retention of genetic variability within the mutagen-derived 
population was attributed to increased open pollination which 
allowed genes to persist in the population as heterozygotes. 
Kassem et al. (1976) studied nine populations derived from 
gamma radiation and EMS treatment of two wheat varieties 
(Giza 150 and Sonora 64) and their hybrid. Neither mutagen 
shifted the population means for grain yield nor number of 
kernels per spike of Giza I50 and the hybrid. EMS treatment 
significantly reduced the mean of the seed traits in Sonora 
64 and kernel wei^t of Giza 150 and the hybrid. 
Several researchers (Borojevic, 1965: Wellensiek, 1965; 
and Gaul, 1970) have postulated that sterility may contribute 
to the general reduction in mean yield associated with mutagen 
treatment. However, Gonzalez (1964) compared sterility in 
mutant and check lines of diploid, tetraploid, and hexaploid 
oats and found no significant differences for sterility in 
the two population types. 
Treatment with a mutagen may result in a number of simul­
taneous mutations in the treated genotype. Stadler (1930) 
first proposed that a favorable mutation is likely to be accom­
plished by unfavorable mutations induced by the same treatment. 
Gregory (1956) postulated that modification of the background 
genotype occurred simultaneously with the induction of macro-
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mutations, and T'-cKey (1956) showed that macro- and micro-
mutations were induced simultaneously in barley. Pacucci and 
Frey (1972) reported that treatment of oat seeds with either 
TN or EMS induced mutations for grain yield and stability of 
production over variable environments. However, all the 
detectable mutations for grain yield, except two, were 
inferior, and a high proportion of the mutations for produc­
tion stability were toward reduced b values. Mutations for 
yield and production stability patterns were clustered in 
lines mutant for seed size or plant hei^t. They interpreted 
this to indicate the association of mutations for many traits 
in the same lines. 
Presently there is some evidence that induced mutations 
for improved yield can be released by crossing mutant with 
normal lines. MacKey (1956) proposed that crosses between 
mutant or between mutant and nonmutant lines could be used to 
separate positive from negative mutations. 
Micke (1976) listed 88 varieties of field crops developed 
via induced mutations of which 75 resulted from direct selec­
tion, and 13 were resulted from crosses involving mutants. 
Emery et al. (1964) used hybridization to 
separate mutagen induced micromutants from their back­
ground genotype. Lines without the deleterious mutations 
were selected from crosses, and significant genetic 
variation was present among the lines. This indicated 
that the mutant lines with deleterious macromutations 
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contained unexpressed background micromutations. Loesch 
(1964) hybridized inter se five X-ray induced morphological 
mutant peanut lines that were Xy descendents from a uniform 
variety. Each mutant also was crossed to the original variety. 
Kutant Fg plants from these crosses, with a common macro-
mutation phenotype were extracted and evaluated in the 
generation. Significant differences for seven traits were 
found among and within Fg families, indicating that genetic 
background affected the macromutation expression, and that 
background effects were separable from the macromutations. 
Further study by Emery et al. (1972) with the same genetic 
stock led them to conclude that the background mutations were 
randomly associated with the macromutations. 
Hagberg and Persson (1968) reported that 70^ of the early 
selections extensively tested in Swedish yield trials were 
either direct mutant lines or selections from crosses that in­
cluded mutants in their parentage. The mutations used were 
macromutations which showed variation for quantitative charac­
ters, and they suggested that macromutants could be most effec­
tively utilized through cross breeding. The Mari allele 
Q 
(mat-a ) has been used in crossing to produce Kristina, Mona, 
Eva, and Salve barley varieties (Gustafsson et al., I97I). 
In sweet clover (Kelilotus alba L.), Kicke (1976) reselected 
for the mutated trait from among the F^ plants derived from 
backcrossing the mutant to the parental line. He observed 
considerable improvement in vigorj however, the yield of 
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reselected mutant lines did not exceed the yielding capacity 
of the best parent line. With oats, Prey (I969) demonstrated 
that induced progressive yield mutations were released by out­
crossing M^-derived lines to the untreated check. The M^-
derived lines were identical in appearance and did not differ 
significantly in grain yield, plant height, 100-seed wei^t, 
and heading date from the check. No significant variation was 
observed in Pg-^erived lines from check x check crosses, but 
the crosses involving M^-derived lines x check showed signifi­
cant variation among Fg-derived line means in 23, 4, 7, and 
3 of 29 cases for grain yield, 100-seed weight, plant height, 
and heading date, respectively. The Pg-derived line yields 
were distributed approximately equally above and below the 
check mean. 
Sing& and Sharma (1976) studied gene action for yield 
per plant, lOOO-grain weight, and number of grains per 
spike in spring wheat. A nine x nine diallel analysis 
was performed using and ?£ populations derived sepa­
rately from nine elite normal and EMS treated spring wheat 
varieties. They found that the magnitude of the additive com­
ponent increased considerably in EKS treated Pg populations for 
1000-grain weig&t and grain yield, but the nonadditive propor­
tion was increased for number of grains per spike. Mean yield 
of the F2's involving treated material was invariable lower 
than the normal Pg's, whereas the range was greater, but no 
lines significantly exceeded the normal F2's. 
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MATERIALS AND METHODS 
Development of Material 
The materials used in my experiment were generated from a 
pure line of oats (Avena sativa L. ) CI 7555. Chandhanamutta 
(1973) found that this strain had a high rate of EMS induced 
mutations, but no spontaneous mutations were observed. 
Three populations of 790 lines each were developed from this 
oat strain: (1) a check population, (2) a mutagen-derived 
population, and (3) an outcross-derived population. 
Development of the check population 
Individual seeds from the original lot of CI 7555 were 
space planted 30 cm apart in rows 75 cm apart. Individual 
plants were harvested and threshed separately, and a line was 
established as the bulk progeny from one plant. I used 790 
check lines. 
Development of the mutagen-derived population 
Dehulled primary seeds of CI 7555 were treated with a 
0.12 M solution of EMS for four hours. Abrams (I963) concluded 
that this concentration and immersion interval were most suit­
able for hexaploid oats. The seeds were then rinsed with tap 
water and planted immediately in the greenhouse at the rate 
of six seeds per 10-cm plot during the fall 1974. Germination 
was high, and the plants grew well, so the seedlings were 
thinned to three per pot shortly after emergence. At maturity, 
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the top five spikelets from the primary panicle of each plant 
were harvested and placed in an envelope. Only the top five 
spikelets were used "because mutation frequency has been shown 
to be hi^est in the seeds from these spikelets (Gaul, I96I; 
Sarvella, Nilan, and Konzak, 1962). The Kg seed from 
plants were space planted 30 cm apart in progeny rows 75 cm 
apart. Progeny rows were 1.2 m long. Bulk seed harvested 
from an Kg plant was used to establish an Mg-derived line. 
Family identity was maintained, so Mg-derived lines could be 
traced to individual plants. I harvested from 2 to 4 Kg-
derived lines per family. 
Development of the outcross-derived population 
As females for the outcross-derived population, I used 
plants grown from mutagen-treated seeds of CI 7555. and as 
males, I used plants from untreated seeds of the same strain. 
Mutagen treatment for the female materials was the same as 
explained for the mutagen-derived population. 
Male and female plants were grown in the greenhouse. For 
crossing, I used only the top five spikelets on the primary 
•panicle of a mutagen-derived plant. Prxjcedures used in cross­
ing were those described by Frey and Caldwell (I96I). F^ 
seeds from crosses of mutagen-derived x check plants were 
grown out in the greenhouse to obtain Fg seeds. In all, I 
sowed 454 seeds, with each being derived from a specific 
pair of male and female plants. Fg seeds from individual F^ 
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plants were harvested and space planted in the field 30 cm 
apart in progeny rows spaced 75 cm apart. Each Pg plant was 
harvested individually and hulk seed from it was used to 
establish a Zg-derived line which could be traced back to a 
F^. I harvested from 2 to 4 F^-derived lines per family. 
The spaced-sown plants for all three populations, i.e., 
check, Mg, and Fg, were grown in the field in 1975 at the 
Agronomy and Agricultural Engineering Field Research Center 
near Ames, Iowa. The three populations described herein will 
be referred to hereinafter as (1) check population (P^), 
(2) mutagen-derived population , and (3) outcross-derived 
population (P^). 
Field Evaluation 
A randomized complete block design was used for the field 
evaluation (Cochran and Cox, 1957). The experiment contained 
2,400 entries made up of 790 check lines, 790 Mg-derived lines, 
790 Fg-derived lines, and 10 check varieties each entered 
three times. The P^ and P^ contained 395 and 395 F^ 
families, respectively, with two lines per family. Two repli­
cates of the experiment were grown at each of three locations; 
Ames, Kanawha, and Sutherland, Iowa. A plot was a hill sown 
with 30 seeds, and plots were spaced 30.5 cm apart in perpen­
dicular directions (Frey, I965). At each site, the plot area 
was surrounded by two rows of filler hills to provide competi­
tion for the peripheral plots. The experimental sites were 
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sown to soybeans in the year preceding my experimental 
planting, and approximately 200 kg/ha of $-20-10 analysis 
fertilizer was plowed down following removal of the soybeans 
for grain. 
The Ames location was planted on March 2 $ ,  Sutherland 
on April 2, and Kanawha on April ?, 1976. Good stands were 
obtained; however, germination at Kanawha was delayed in some 
plots because of limited availability of moisture. Missing 
hills were seeded with barley shortly after the oats emerged 
to provide uniform competition for all plots. Experiments 
were hand weeded, and plants were sprayed with a fungicide 
(Maneb, manganese ethylene bisdithiocarbonate) at weekly 
intervals from anthesis to maturity to suppress foliar 
diseases. 
Traits measured, on a plot basis, were : (a) heading date 
(date when 50^ of the panicles were completely emerged); 
(b) plant height (cm from ground level to the panicle tip 20 
days after anthesis); (c) plant weight (grams per plot for all 
culms harvested at the ground level); and (d) grain yield 
(grams per plot). Straw yield per plot was determined by sub­
tracting grain yield from plant weight. All wei^ts were re­
corded on an air-dry basis. Heading dates were measured on the 
two replicates at Ames, but the plants at this site were de­
stroyed by hail shortly before maturity, so plant heights were 
measured on the plots at Kanawha, and plant, grain, and straw 
yields were measured on the plots from Kanawha and Sutherland. 
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Statistical Procedures 
Combined analyses of variance were carried out across 
locations for plant and grain yields, and within-site analyses 
were performed for heading date and height. Replicate, loca­
tion, family, and line effects were considered random in these 
analyses. 
The model for the analysis of data from an individual 
location is: = a + r. + + Sjkl • 
where is the heading date or plant height of the 1th line 
in the kth family grown in the jth replicate, u is the moan, 
rj is the effect of the jth replicate, f|^ is the effect of the 
kth family, g^^^^ is the effect of the 1th line within the kth 
family, and ej^^ represents the residual variation. 
The model for the combined analysis is: 
^ijkl ^  ^  + ^i + ^ij ^k ^l(k) (l^^ik ^  (^G^ilk ^  ®ijkl ' 
where the plant weight or grain yield of the 1th line 
in the kth family grown in the jth replicate at the ith loca­
tion, u is the overall mean, 1^ is the effect of the ith loca­
tion, r^^ is the effect of the jth replicate at the ith loca­
tion, f^ is the effect of the kth family, g^^^^ is the effect 
of the 1th line within the kth family, and represents 
the residual variation. The terms in parentheses are inter­
actions of main effects. Tests of significance were made with 
ratios of appropriate linear combinations of mean squares 
(Cochran, 1957)• Models outlining sources of variation. 
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degrees of freedom, and expected mean squares are presented 
in Table 1 and Table 2 for the intrasite analysis and combined 
analysis, respectively. Genetic variances for each trait were 
calculated on the "basis of the expected mean squares shown 
in these models. 
Data were transferred to punch cards for derandomization 
and computations necessary for the analyses of variance and 
phenotypic and genetic correlations. To evaluate the magni­
tude of genetic variation and direction of mutational events 
induced, I compared means, variances, and frequency distribu­
tions for the three populations. The criterion used to 
classify a line as a mutant was that presented by Arias (1971). 
In order for a line to be classified as a mutant it had to 
exceed either the positive or negative extremes of performance 
in a check population with an equal number of lines. This 
same criterion will be used in this study, because it takes 
into consideration variability that might be present in the 
stock of CI 7555 used to develop and P^. Skewness and 
kurtosis values were determined to evaluate the effect of 
mutagen treatment and outcrossing on the nature of the fre­
quency distributions (Snedecor and Cochran, 1967), Pheno­
typic and genetic correlations among traits were determined 
to evaluate the effect of mutagen treatment and outcrossing 
on correlations among traits. 
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Table 1. Model for the analyses of variance used for 
heading date and plant height 
Source of Degrees of 
variation freedom^ Expected mean squares 
R r-1 
Fq I'm +  ^
î'o 1 
Sl-1 °e + 
+ ^ S24/p„ 
«ê2-l) + '^ez/t/p^ 
V^o Si-1 aj + 
V^ /Fo «S2-1) °e + "^ la/f/p^  
Error (r-l)(g-l) 
Total rg-1 
^Where R = replicate, = check population, Pjjj = mutagen-
derived population, Pq = outcross-derived population, G = 
lines, and F = family. 
°Where r = number of replications, g = number of lines 
(g = 1...2,370; g, = I...79O; gp = 1...2), and f = number of 
families. 
Table 2. Model for the combined analysis of variance used for grain yield, straw yield, and 
plant weight 
Source of Degrees of 
variation^ freedom^ Expected mean squares 
L 1- 1 
Error (a) l(r4) 
 ^  ^""o (Cl) 1 »! + 
Po (C;) 1 'o + '8I3ic^+ 
Vc 
2 
c 
m 
""•m " l *  ''lS,/£/P,„ " '®2'l£/P.. + 'Isz'f/P 
Z Tu ..t 6 Tu 
G/F/P„ f(82-1 ) ol + 
"^ 0^ "e 'Gflf/p^  ^  '®2°l£/p^   ^rlSgJf/p^  
«2WP„ £(82-1) 
L X Cj 1 + 
L x C j  1  
2 
LXG./P^ l(g^-l) 
I-x'Vra 1(81-1) "e+ra^g./p 
c 
L X F/P^ l(f-l) 
1 in 
+ :»lg,/f/p_ + rSzOif/p 
m m 
L X G^/F/P^ 1£(82-1) «2 + 
L X Gj/P„ l(g^-l) al + 
L X F/P, 1(£-1) ol + + rsz^^f/p 
L X Gg/F/Po lf(82-l) al + rOig^/f/p^ 
2 
Error (b) l(r-l>(g-l) 
o 
\here L = location, R = replication, = check population, = mutagen-derived population, 
= outcross-derived population, G = lines, and F = family. 
^Ifhere 1 = number of locations, r = number of replications, g = number of lines (g=l,...2,370, 
g^=l,...790, g2'"l,...2), and f = number of families. 
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RESULTS 
Coefficient of Variation 
Coefficients of variation (CV's) (Table 2) averaged 
5'lf° for plant height, 8.8# for heading date (based on the mean 
June heading date), 17.8% for plant weight, 17.5% for straw 
yield, and 20.7^ for grain yield. These are within the ranges 
reported by Prey (I965) for hill plots. For traits measured 
at more than one location the intralocation CV's were similar. 
Rather consistently, the check population had a lower CV than 
the other two for plant, straw, and grain yields and a higher 
one for heading date. Probably this is due to changes in the 
means caused by E1\:S treatment and outcrossing. In the case of 
heading date, EMS treatment caused later heading dates in the 
and PQ, consequently decreasing the CV. Similarly, the 
P^ and P^ had lower means for plant, straw, and grain yields, 
which caused the CV's for these traits to be hi^er in these 
populations. 
Heading Date 
Pertinent mean squares from the analysis of variance for 
heading date are presented in Table 4. Mean heading date of 
the check population (P^) was significantly earlier than those 
for the mutagen-derived (P^^) and the outcross-derived (P^) 
populations (Table 5)- These results agree with Joshi (I967) 
who found a unidirectional shift toward later maturity 
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Table 3- Coefficients of variation for five traits measured 
on three populations at three locations 
Trait 
Location and 
population 
Heading 
date 
Plant 
height 
Grain 
yield 
Straw 
yield 
Plant 
weight 
Ames 
c^ 9.2 - - - -
fm 8.5 - - - -
fo 8.7 - - - -
Kanawha 
c^ 
- 5.1 19.8 16.4 16.7 
fm - 5.2 21.9 17.9 19.4 
fo - 5.1 20.5 17.6 17.7 
Sutherland 
c^ 
- - 19.4 16.9 17.1 
fm - — 21.5 17.6 18.2 
?o — — 21.2 18.5 18.8 
was induced by mutagen treatment of oat seeds. Even though 
the means for the and P^  were significantly different, the 
actual difference of 0.1 day was of no practical importance. 
Mutagen treatment induced a slight shift toward later maturity, 
but did not increase the range of heading dates in P^ , and the 
mutagen treatment plus outcrossing caused both a shift to 
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Table 4. Mean squares from the analysis of variance for 
heading date 
Source of 
variation 
Degrees of 
freedom Mean squares 
R 1 2,900.48 
 ^^0 1 83.52** 
1 10.09* 
789 2.88** 
789 4.51** 
f/Pm (394) 5.72** 
(395) 3.34** 
Gl/fo 789 3.79** 
Î/P, (394) 4. 76** 
Gg/f/Po (395) 2.87** 
Error 2,369 2.00 
*,**Significant at f/fo and Vfo levels, respectively. 
lateness and an increase in the heading date range among Fg-
derived lines (Table 5)' Only one line in the exceeded the 
range of the , and its heading date was June 24, one-half 
day later than the latest check line. In the P^ , three lines 
exceeded the range of the P^ . Two were one day later than the 
latest check line, and one was one day earlier than the earli­
est check line. Thus, a total of four mutations for heading 
date were observed, one in P„ and three in P_. 
m o 
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Table 5* Mean, minimum, and maximum heading dates for the 
three populations 
June heading date 
Population Mean Minimum Maximum 
Pg 16.0 10.5 23.5 
P^  16.5 11.5 24.0 
Pq 16.4 9.5 24.5 
Genetic variances 
A significant mean square for lines within P^  indicated 
that the lot of CI 7555 oats I used was not genetically 
homogeneous for heading date. 
P^  and PQ contained significantly (P < 0.01) more genetic 
variation for heading date than did P^ , and genetic variation 
in P^  was significantly (P < 0.05) greater than in P^ . 
Genetic components of variance and their associated standard 
error were 0.44 ± 0.01, 1.26 ± 0.01, and 0.9I ± 0.01 for P^ , 
Pjjj, aid P^ , respectively. EHIS treatment resulted in a 190^  
increase in the genetic variance for heading date, whereas 
the EMS treatment plus outcrossing increased the genetic 
variation for this trait by 108^ . 
In P^ , the among families and among lines within fami­
lies genetic variances were about equal, i.e., 0.60 ± 0.01 
and 0.65 - 0.01, respectively. Genetic variances among 
families and among lines within families for P^  were 0.48 ± 
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0.01 and 0.45 ± 0.01, respectively. Thus, in both popula­
tions, the genetic variance was nearly equally distributed 
"between the two components, indicating that selection among 
families and among lines within families would both contribute 
to advance. These results are in agreement with those re­
ported by Krull (I960), who found that TN induced variation in 
two varieties of oats was nearly equally distributed among 
and within families. 
Frequency distribution 
Skewness and kurtosis values for heading date in the 
were not significantly different from a normal distribution 
(Table 6). However, both the and P^  differed significantly 
(P < 0.05) from normal for both skewness and kurtosis. A 
significant positive value for skewness indicated that early 
heading lines tended to be bunched close to the mean and a 
few late heading ones extended far beyond the mean. Skewness 
values for the P^  and P„ were similar in magnitude. The 
mo  ^
kurtosis value for the P^  indicated that EMS treatment caused 
m 
a flatter topped distribution with a corresponding increase 
in the number of lines in the flanks of the frequency dis­
tribution. In contrast, the outcrossed population had an 
excess of values near the mean and far from it, with a corre­
sponding depletion of the flanks of the distribution 
(Figure 1). 
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Table 6. Frequency distributions and associated skewness 
and kurtosis values for heading date of oat lines 
in three oat populations 
Class 
midpoint c^ 0^ 
10.00 2 0 2 
11.05 0 1 1 
12.10 4 5 3 
13.15 13 11 8 
14.20 78 56 55 
15.25 216 171 173 
16.30 266 221 269 
17.35 165 183 185 
18.40 35 91 66 
19.45 10 31 18 
20.50 0 15 6 
21.55 0 0 1 
22.60 0 4 0 
23.65 1 1 1 
24.70 0 0 2 
Skewness -0.054 0.511** 0.549** 
Kurtosis 2.758 1.859** 5.161** 
••"•Significant at the Ifo level. 
HEADING DATE 
POPULATION Al o 
POPULATION #2 + 
POPULATION *3 X 
9.00 12.00 15.00 10.00 21.00 
HEADING DATE (JUNE) 24.00 
-1 
27.00 
Figure 1. Frequency distributions for heading dates of the check (//I), mutagen-
derived (#2), and outcross-derived (#3) populations 
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Plant Height 
Kean squares from the analysis of variance for plant height 
are given in Table ?. EMS treatment resulted in a signifi­
cant (P < 0.01) reduction in plant height. Mean plant height 
of P^  was 2.8 cm less than for the P^  (Table 8). P^  mean 
plant height differed significantly (P < 0.01) from P^  and 
P^  and was 1.3 cm taller than P^ . Neither the P^  nor P^  
contained lines that were shorter than the shortest P line. 
c 
However, this may have been due to the presence of one ex­
tremely short line in P^ . This check line was 16 cm shorter 
than the shortest line in the P„ and 5 cm shorter than the 
shortest line in P^ . Seven mutations for greater plant 
height were observed. One of these was in the P^ , and it 
was 1 cm taller than the tallest check line. The remaining 
six were in the P^  and were 1, 1, 2, 3, 5. and 6 cm taller 
than the tallest check line. The two tallest mutant lines 
for height occurred in the same family, and one of these was 
also a mutant for heading date. 
Genetic variances 
The mean square for lines within the P^  was significant 
(P < 0.01), signifying that CI 7555 was genetically hetero­
genous for plant height. 
Genetic variation within the P^  and P^  were significantly 
higher than in the P^  and indicated that EMS treatment in­
creased the genetic variation for plant hei^ t. The P^  and 
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Table 7. Mean squares from the analysis of variance for 
plant height 
Source of 
variation 
Degrees of 
freedom Mean squares 
R 1 2,118.5 
Pc » Po 1 2,433.2** 
Po 1 617.8** 
789 29.0** 
V^o 789 38.4** 
P/Pm (394) 44.7** 
(395) 32.1** 
789 41.9** 
F/Pq (394) 54.5** 
Gg/f/Po (395) 29.4** 
Error 2,369 19.9 
••Significant at the Vfo level. 
did not differ significantly. Genetic variances were 
4.55 ± 0.62 for Pg, 9.25 ± 1.02 for P^ , and 11.00 ± 1.20 
for the P^ . EMS treatment induced a 104^  increase in genetic 
variation for plant hei^ t. 
Genetic variance among families and among lines within 
families were 3.2 ±0.5 and 6.1 ± 0.7 and 6.3 ± 0.6 and 
4.8 ± 0.8 for the P^  and P^ , respectively. The among families 
component of variance accounted for 34^  of the genetic 
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Table 8. Mean, minimum, and maximum plant height for the 
three oat populations 
Plant height (cm) 
Population Kean Minimum Maximum 
P^  91.3 57.0 100.0 
P^  88.5 73.0 101.0 
p 89.8 62.0 106.0 
variation in the mutagen treated population. However, in the 
outcrossed population the among families variance accounted 
for 57^  of the genetic variation for plant height. This is 
in contrast to the distribution of genetic variance found for 
heading date where genetic variance was nearly equally dis­
tributed between the among families and among lines with 
families components for both populations. 
Frequency distributions 
All three populations were significantly (P < 0.01) 
skewed toward short plant height (Table 9 ). Graphs of the 
frequency distributions for plant height are illustrated in 
Figure 2. Tall plant height values were clustered near the 
mean, but the low values extended far below the mean (Table 9). 
The highly significant kurtosis value for the P^  indicated an 
excess of plant height values near the mean and far from it 
(Table 9). Kurtosis values for the P^  and P^  were less than 
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Table 9. Frequency distributions and associated skevmess 
and kurtosis values for plant height of oat lines 
in three populations 
Class mid­
point (cm) 
Frequency 
m^ 0^ 
58.4 1 0 0 
61.9 0 0 1 
65.4 0 0 0 
68.9 0 0 0 
72.4 0 3 4 
75.9 0 9 4 
79.4 4 35 24 
82.9 19 88 56 
86.4 147 248 184 
89.9 218 205 220 
93.4 306 172 239 
96.9 86 23 45 
100.4 9 7 10 
103.9 0 0 2 
107.4 0 0 1 
Skewness 
Kurtosis 
-1.081** 
7.611** 
-0.349** 
O.38I** 
-0.684** 
2.541** 
**Significant at the Ifa level. 
PLANT HEIGHT 
POPULATION O 
POPULATION *2 + 
POPULATION «3 X 
5.00 
a I M—m— 
k -
U\ 
6.00 7.00 0.00 
PLANT HEIGHT (CM) 9.00 10.00 (xlQi I 11.00 
Figure 2. Frequency distributions for plant height of the check (//I), mutagen-
derived (#2), and outcross-derived (//3) populations 
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three, indicating that these frequency distributions for 
plant height had a flatter top than a normal distribution. 
Grain Yield 
Bartlett's (1937) test for homogeneity of experimental 
error variances for grain yield from the two locations indi­
cated that the two error terms did not differ significantly. 
Grain yields were similar at the two locations (Table 11). 
was significantly (P < 0.01) higher yielding than the P^  
and PQ, and P^  ^and P^  differed significantly (P < 0.01) for 
mean grain yield (Table 11). Direct mutagen treatment re­
sulted in a 16^  reduction in grain yield, which surprisingly 
is similar to the V?% reduction in grain yield reported by 
Arias and Frey (1973). However, they used only Mg-derived 
lines that were phenotypically similar to the check in appear­
ance. Grain yield in the P^  was reduced 10^  below the P^  mean. 
No line in the P^  or P^  exceeded the highest yielding 
check line (Table 11). None of the lines in the P^  ^ was lower 
yielding than the lowest yielding check line, probably due 
to the occurrence of a check line that was 28 g below the 
mean of the P^ . This line was also the shortest line in the 
Pg with a plant height of 3^  cm below the mean plant height 
of the Pg. Three lines in P^  ^ were lower yielding than the 
lowest check line. These yielded 2.2, 2.2, and 1.7 g/plot 
less than the lowest yielding check line (6.2 g/plot). The 
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Table 10. Mean squares from the combined analysis of 
variance for grain yield 
Source of 
variation 
Degrees of 
freedom Mean squares 
L 1 2,012.2 
Error (a) 2 1,533.1 
Po Pm ^  Po (Cl) 1 41.468.3** 
Pm Po (=2) 1 5,407.6** 
789 96.6** 
789 164.9** 
F/Pm (394) 204.9 
Gg/F/Pm (395) 125.1** 
°l/Po 789 160.0** 
F/Po (394) 193.6 
G2/F/P0 (395) 126.6** 
L X 1 381.1** 
L X Cg 1 28.2 
L X 789 43.3 
^ V^ m 789 42.6 
L X F/P„ (394) 45.4 
L X G/F/P^  (395) 39.7 
L X G/P, 789 43.9 
L X P/Pg (394) 46.2 
L X Gj/F/P^  (395) 41.6 
Error (b) 4,738 43.3 
••Significant at the Vfo level. 
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Table 11. Mean, minimum, and maximum grain yield for 
Kanawha and Sutherland, and for the average of 
the two locations for the three populations 
Location and 
population Mean 
Grain yield (js/plot) 
Minimum Maximum 
Kanawha 
m 
34.6 
28.8 
30.8 
6.5 
7.0 
4.0 
52.0 
53.0 
51.5 
Sutherland 
m 
35.0 
30.1 
31.8 
6.0 
6 . 0  
3.0 
53.0 
50.0 
53.5 
Average 
m 
34.8 
29.4 
31.3 
6 . 2  
8.5 
4.0 
50.0 
48.8 
48.5 
lowest line yielded 4 ^ plot and was 89^  below the mean of 
P^ . Two of these lines originated from the same family. 
Thus, a total of three mutations for grain yield were ob­
served, and all were lower in yield and occurred in the P^ . 
39 
Genetic variances 
Mean squares for the lines within population component 
for each population were significant (P < 0.01) indicating 
each of the populations contained significant genetic vari­
ance for grain yield. 
Genetic variances, based on the model presented in Table 
3, were I3.3 ± 1.8, 30.6 ± 4.6, and 29.0 ± 4.36 for the P^ , 
P^ , and PQ, respectively. EMS treatment induced a I30# in­
crease in genetic variance for grain yield, a value similar 
to the 1380 increase in genetic variability reported by Arias 
(1971) for EMS treatment of nine Com Belt varieties. Genetic 
variance in P^  ^did not differ significantly from that of P^ . 
Among families -and lines within families components of 
variance were similar for both P^  ^and P^ . Families and lines 
within families accounted for 62 and 38^ » respectively, of the 
genetic variance in P^ , and similar values were 60 and 40^  
for 
Only one source of variance showed a significant inter­
action with location. This was the contrast of P. with P„ c m 
and PQ. Grain yield differences between the check popula­
tions and the two EMS derived populations averaged 4.8 g/plot 
at Kanawha, whereas at Sutherland the average difference was 
4.1 g/plot, indicating a difference in response to environ­
ment for the treated and untreated CI 7555 (Table 11). 
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Frecuency distribution 
Skewness values for and did not differ signifi­
cantly from that for a normal distribution (Table 12). The 
frequency distribution for P^  was significantly (P < 0.01) 
skewed toward low yield with a larger than normal portion of 
lines yielding below the mean. Xurtosis values for all three 
populations were significant (P < 0.01) (Table 12). Low 
kurtosis values for the three populations indicate that the 
frequency distribution had a flatter top than normal with a 
concentration of grain yield values near the mean (Figure 3). 
Straw Yield 
Bartlett's (1937) test for experimental error homogeneity 
indicated that error terms for straw yield analyses for the 
two locations were homogenous. P^  was significantly (P < 0.01) 
lower yielding than P^  (Table 13), with straw yield being lOfe 
(Table 14) lower in P^  and 7^  lower in P^ . No lines in P^  ^
exceeded the range of P^  in either a positive or negative di­
rection. The absence of lines in the P^ , which had straw 
yields less than the lowest yielding check line, probably re­
sulted because one line in P^  had a considerably lower yield 
than the rest of the population. This line also was consid­
erably below all others in P^  for yield. P^  contained one line 
that exceeded the highest yielding check line for straw yield. 
It yielded 2 g/plot more than the highest check line and had a 
straw yield 35^  above the mean of P^ . Three lines in P^  were 
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Table 12. Frequency distributions and associated skewness 
and kurtosis values for grain yield of oat lines 
in "three populations 
Class mid- Frequency 
point (g/plot) Pg Pq 
5.4 1 0 3 
8.7 0 2 1 
12.0 0 3 7 
15.3 0 19 4 
18.6 0 43 18 
21.9 7 83 46 
25.2 35 98 97 
28.5 84 170 138 
31.8 187 159 167 
35.1 217 123 166 
38.4 147 56 92 
41.7 83 21 37 
45.0 19 11 10 • 
48.3 9 2 4 
51.6 1 0 0 
Skewness -0.152 -0.128 
-0.538** 
Kurtosis 1.186 0.074** 1.285** 
^^ Significant at the 1% level. 
GRAIN YIELD 
POPULATION #1 O 
POPULATION »2 + 
POPULATION #3 X 
4=-
ro 
0.00 I.00 2.00 3.00 U.OO 5.00 
GRAIN YIELD (G/PL0T5 txio^ ) 6.00 
Figure 3» Frequency distributions for grain yields of the check (//I), mutagen-
derived (#2), and outcross-derived (//3) populations 
43 
Table 13. Mean squares from the comoined analysis of vari­
ance for straw yield 
Source of Degrees of 
variation freedom Mean squares 
L 1 428.0 
Error (a) 2 479.1 
Pq  ^î'o (Cl) 1 29,142.3** 
0^ 1 2,767.4** 
=l/Pc 789 99.6** 
789 172.3** 
(394) 191.3 
(395) 153.4** 
789 170.9** 
F/Pm (394) 200.3 
Gg/F/P. (395) 141.6** 
L X 1 1,206.2** 
1 X Cg 1 382.1** 
1 X cyp^  789 54.5 
789 61.0* 
L X F/P^  (394) 66.8* 
L X Gj/F/P^  (395) 55.3 
L X cyp„ 789 53.1 
1 X ?/P^  (394) 53.7 
L X Gg/F/P^  (395) 52.4 
Error (b) 4,738 53.8 
*,**Significant at the 5^  and Ifa levels, respectively. 
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Table l4. Mean, minimum, and maximum straw yield for 
Kanawha, Sutherland, and for the average of the 
two locations for the three populations 
Location and 
population Mean 
Straw yield (g/plot) 
Minimum Maximum 
Kanawha 
"m 
45.3 
39.9 
41.7 
10.0 
12.5 
4.5 
64.5 
62.5 
67.5 
Sutherland 
'm 
43.8 
40.4 
41.3 
15.0 
16.0 
5.0 
66. 0 
63.5 
63.0 
Average 
m 
44.5 
40.2 
41.5 
12.5 
19.5 
6 . 2  
60. 0 
59.2 
62.0 
lower yielding than the lowest check line, with yields of 
6.2, 8.2, and 8.2 g/plot. The first two originated from the 
same family. The third had the lowest grain yield in P^ . 
The line with the lowest straw yield was 6.3 g below the 
lowest yielding check line and was 86% below the mean of P^ . 
Four mutant lines for straw yield were observed, and they all 
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occurred in the P^ , with one being higher yielding than the 
highest check line. 
Genetic variances 
All three populations had significant (P < 0.01) mean 
squares for lines within populations (Table 13) indicating 
that each population contained significant genetic variability 
for straw yield. Genetic variances were 11.3 ± 2.0, 27.8 ± 
5.3, and 29.4 ±5*1 for the P^ , P^ , and P^ , respectively. 
Mutagen treatment resulted in a 146^  increase in genetic 
variance over P^ . P^  and P^  did not differ significantly for 
genetic variance. 
Distribution of genetic variance between the among 
families and among lines within families components were 
similar for both EKS-derived populations. Among families and 
among lines within families genetic variances were 3-3 ^  5*4 
and 24.5 ± 8.4, respectively, for the P^ . In P^ , genetic 
variances were 7.2 ± 5-2 and 22.3 ^  7.2 for the among families 
and among lines within families components, respectively. 
Genetic variance among lines within families accounted for 
88fo of the variation in P^  and 76^  of the variations in P^ . 
The two contrasts that compare the straw yields of the 
three populations interacted significantly (P < 0.01) with 
locations. This resulted from a change in magnitude of the 
differences among the three populations at the two locations 
(Table 14). Mean squares for the location x lines within 
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population and location x families within the were sig­
nificant (P < 0.05). This may indicate that the straw yields 
of P were sensitive to environmental conditions. However, 
m 
grain yields for P^  showed no significant interaction with 
locations for these components. 
Frequency distribution 
All three populations showed significant negative skew-
ness (Table 15)* P^  and P^  were significant at the 1% level, 
and P^  at the level. These negative skewness values 
indicate that straw yield values above the mean were clustered 
close to the mean and low straw yield values extended far 
below the mean (Table 15). The frequency distributions for 
P^  and P^  both showed significant (P < 0.01) kurtosis (Table 
15), indicating that they had flatter tops than normal with 
a concentration of straw yield values around the mean. In 
contrast, straw yield values of P^  were normally distributed 
(Figure 4). 
Plant Wei^ t 
Plant weight of P^  was significantly (P < 0.01) higher 
than those of the two EKS-derived populations (Table 16). 
EMS treatment resulted in a 12fo reduction in plant weight 
(Table 1?). P^  had a significantly (P < 0.01) higher plant 
weight than P^  but was 8^  below P^ . 
No line in P^  exceeded the check line range in either 
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Table 15. Frequency distribution and associated skevmess 
and kurtosis values for straw yield of oat lines 
in three populations 
Class mid­
point (g/plot) c^ 1^ 0 
6.1 0 0 1 
10.1 0 0 2 
14.1 1 0 0 
18.1 0 2 1 
22.1 0 5 8 
26.1 0 30 8 
30.1 2 55 26 
34.1 35 110 92 
38.1 106 182 182 
42.1 222 184 209 
46.1 239 131 150 
50.1 139 70 79 
54.1 37 18 22 
58.1 9 3 9 
62.1 0 0 1 
Skewness -0.269** -0.241* -0.583** 
Kurtosis 1.840 0.007** 2.753 
*,**Significant at 5^  and Vfo levels, respectively. 
STRAW YIELD 
POPULATION #1 
POPULATION #2 
POPULATION *3 
0 
4-
X 
0.00 
M y w 
1.00 2.0D 3.00 y.00 
STRAW YIELD (G/PL0T) 5.00 (xlQl 1 6.00 
Figure 4. Frequency distributions for straw yields of the check (#1), mutagen-
derived (//2), and outcross-derived (//3) populations 
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Table l6. Mean squares from the combined analysis of vari­
ance for plant weight 
Source of Degrees of 
variation freedom Mean squares 
L 1 524.0 
Error (a) 2 2,251.0 
Pc Pm ^  Po (Gi) 1 140.137.0*^  
Fm 0^ 1 15.911.8^  ^
°l/Fc 789 361.7 
789 625.}*• 
P/Fm (394) 736.0 
VF/Pm (395) 514.9** 
789 618.6^ *-
PAo (394) 734.1 
VP/Po (395) 503 A** 
L X 1 2,9^^.2** 
L X Cg 1 617.9** 
!• = V^ o 789 171.2 
789 183.5 
!• ^  F/Pm (394) 199.2* 
L X Gj/P/P^  (395) 167.8 
L X 789 169.6 
L X F/P  ^ (394) 176.5 
L X G/P/P  ^ (395) 162.7 
Error (b) 4,738 172.3 
*,••Significant at the 5^  and 1% levels, respectively. 
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Table 1?. Mean, minimum, and maximum plant weight for 
Kanawha, Sutherland, and for the average of the 
two locations for the three populations 
Location and 
population 
Plant weight (g/plot) 
Mean Minimum Maximum 
Kanawha 
'm 
79.9 
68.7 
72.5 
16.5 
19.5 
8.5 
112.0 
112.5 
117.5 
Sutherland 
"m 
78.8 
70.5 
73-1 
21.0 
28.5  
8 . 0  
113.5 
107.5 
112.0 
Average 
Pc 
Pm 
79.3 
69.6 
72 .8  
18.8 
30.0 
10.2 
106.2 
106.0 
107.0 
the positive or negative direction. The absence of mutant 
lines for lower plant weight in probably resulted from the 
presence in P^  of one very low yielding check line. It was 
76% below the mean of P^ . Two mutant lines for high plant 
weight were present in P^ . Both had a plant weight of 107 
g/plot and yielded Ifc more than the highest yielding check 
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line. Three mutant lines for low plant weight were observed 
in P^ . They had plant weights of 10.2, 12.2, and 12.7 
plot, and the lowest yielding one was 875^  below the mean of 
P^ . A total of five mutant lines for plant weight were ob­
served, and they all occurred in P^ . 
Genetic variance 
The three populations contained significant (P < 0.01) 
genetic variation for plant wei^ t. Genetic variances were 
47.6 ± 25.4, 110.4 i 67.3. and 112.2 ± 65-2 for P^ , P^ . and 
PQ, respectively. Mutagen treatment induced a 1^ 2^  increase 
in genetic variance among lines for plant weight over that of 
P_. The genetic variances of P„ and P^  were not signifi-
c mo
cantly different. 
Both P^  and P^  had a similar portion of the genetic vari­
ance associated with the among and within families components. 
Genetic variances for the among families and within families 
components in P^  were 45.2 ± 69-3 and 86.8 ± 92.8, respec­
tively. In P^ , they were 48.6 ± 67.4 and 85.2 ± 88.6. Thus, 
66^  of the genetic variance in P^  was accounted for by varia­
tion between lines within families. This component in P^  
accounted for 64^  of genetic variance. 
Both contrasts, i.e., (a) comparison of P^  with the two 
El/iS-treated populations and (b) comparison of the two EMS-
treated populations, interacted significantly (P < 0.01) with 
locations. This resulted from a change in the size of the 
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plant weight differences among the three populations. Vari­
ance among families within interacted significantly (P < 
0.05) with locations. This same component showed a signifi­
cant interaction with locations for straw yield also. This 
is the only variance component showing a significant inter­
action with location, and it probably indicates that the per­
formance of families in P„ are more sensitive to environ-
mental change than those in P^  or P^ . 
Frequency distribution 
Plant wei^ ts in all three populations were significantly 
skewed toward low plant weight with a predominance of lines 
extending below the mean (Table 18). Skewness values for P^  
and P^  were significant at the 0.01 level, and that for P^  
was significant at the 0.05 level. Kurtosis values for the 
three populations were significantly (P < 0.01) below normal 
indicating a flat peak on the distributions for plant hei^ it 
with a higher than normal portion of plant weight values 
occurring near the mean (Table 18). P^  had a more negative 
skewness value than the other two populations, and its kur­
tosis value was close to that of a normal distribution 
(Figure 5). 
Correlations 
Phenotypic and genetic correlation coefficients among the 
traits studied for each population are presented in Table 19. 
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Table 18. Frequency distribution and associated skewness 
and kurtosis values for plant weight of oat lines 
in three populations 
Class mid­
point (g/plot) 
Frequency 
?c ^0 
10.9 0 0 3 
17.9 1 0 0 
24.9 0 0 0 
31.9 0 4 5 
38.9 0 12 7 
45.9 0 36 10 
52.9 2 63 29 
59.9 34 115 102 
66.9 87 169 162 
73.9 213 182 191 
80.9 226 115 151 
87 .9  152 68 90 
94.9 57 22 26 
101.9 16 4 12 
108.9 2 1 2 
Skewness 
-0.252* -0.219* -0.636** 
Kurtosis 1.744** 0.023** 2.223*^ 
•.••Significant at 5^ and \fo levels, respectively. 
PLANT WEIGHT 
POPULATION *1 
POPULATION *2 
POPULATION *3 
a 
a_ 
o 
in_ 
a 
a_ 
O 
S-^  
cc 
a 
a 
8.50 5.50 2.50 10.00 7.00 1.00 
PLANT kIT. (G/PL0T) txio^ i  
Figure 5« Frequency distributions for plant weights of the check (#1), mutagen 
derived (#2), and outcross-derived (#3) populations 
Table 19. Phenotypic (upper right) and genetic (lower left) correlations among 
heading date, plant height, grain yield, straw yield, and plant weight 
for three oat populations 
Heading 
date 
Ames 
Plant 
height 
Kanawha 
Grain yield Straw yield Plant weight 
Kanawha 
Suther­
land Kanawha 
Suther­
land Kanawha 
Suther 
land 
Plant height, Kanawha 
Po -0.07 - 0.59 - 0.58 - 0.61 -
I'm -0.24 - 0.50 - 0.51 - 0.52 -
Po -0.05 - 0.62 - 0.63 - 0.65 -
Grain yield. Kanawha 
Po -0.09 0.45 - 0.83 - 0.95 -
-0.44 0.41 - - 0.86 - 0.96 -
F» -0.24 0.61 - - 0.86 - 0.96 -
Grain yield, Sutherland 
Po 0.11 0.45 1.03 - - 0.80 - 0.95 
Pm -0.22 0.39 0.97 - - 0.81 - 0.95 
P. -0.18 0.59 1.00 - - 0.82 - 0.96 
straw yield. Kanawha 
Pg -0.46 0.69 0.99 0.83 
P^ -0,47 0.49 0,92 0.83 
pQ -0.12 0.69 0.94 0.91 
Straw yield. Sutherland 
Pg -0.13 0.86 1.13 0.85 
P^ -0.12 0.42 0.78 0.84 
Pq -0.12 0.79 1.02 0.84 
Plant weight, Kanawha 
Pg -0.17 0.59 0.99 0.92 
-0.47 0.46 0.98 0.92 
P^ -0.26 0.66 0.98 0.97 
Plant weight. Sutherland 
pQ -0.12 0.65 1.11 0.98 
P^ -0.18 0.42 0.91 0.96 
P^ -0.16 0.71 1.05 0.96 
- - 0.96 
-
- 0.97 
-
- 0.97 
1.11 
0.84 - -
1.07 - -
1.00 1.18 
0.98 0.83 -
0.98 1.06 -
0.98 0.95 1.05 
0.96 0.87 0.96 
1.02 0.95 1.05 
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Phenotypic and genetic correlations among grain yield, straw 
yield, and plant wei^t were high, as expected, and they did 
not appear to be influenced by mutagen treatment. Genetic 
correlations of heading date with other traits were negative 
and generally low. The correlations involving heading date 
were variable, and no consistent effect of mutagen treatment 
or outcrossing was apparent. The phenotypic and genetic corre­
lations of plant height with grain yield, straw yield, and 
plant weight were positive and intermediate in magnitude. The 
magnitude of the phenotypic and genetic correlation coeffi­
cients for were consistently lower than for and P^. 
Correlation coefficients for P^ and P_ were similar in c o 
magnitude. 
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DISCUSSION 
Emery et al. (196^), Hagberg and Persson (I968). and 
Frey (I969) have presented evidence to indicate that induced 
iTiUtations for improved yield can be released by crossing 
mutant and normal lines of peanuts, barley, and oats, re­
spectively. These studies were conducted with mutant lines 
that had been highly selected before they were used as parents 
in crosses. My study was conducted to evaluate the effec­
tiveness of outcrossing for releasing useful genetic varia­
bility for quantitatively inherited traits directly from 
plants of oats by outcrossing them with nonmutated lines. 
The EMS treatment I used induced mutations for signifi­
cantly (P < 0.01) later maturity, shorter plant height and 
lower grain, straw,and plant yields. Heading date was de­
layed 3^ on the average, and means for plant height, grain 
yield, straw yield, and plant weight were reduced 3, 16, 10, 
and I25&, respectively, for Mg-derived lines chosen directly 
from mutagen treated materials. These results are in agree­
ment with those of Arias (1971) who treated 16 oat varieties 
with a similar rate of SIiîS and found that for 14 of them, the 
Kg-derived lines were later in maturity and for all 16, 
the mean yield of Kg^derived lines was reduced 1?^. 
Outcrossing resulted in some recovery of the mean toward 
the check mean for all traits studied. If gene action was 
entirely additive the mean of would be midway between 
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those of and P^, i.e., equal to the midparent value. The 
observed mean and associated standard error and expected mean 
on the basis of additive gene action for heading date, plant 
height, grain yield, straw yield, and plant weight were 
16.4 ± 0.1 (16.2), 89.8 ± 0.2 (89.2), 31.3 ± 0.2 (32.1), 
41.5 ±0.3 (42.4) and 72.8 ± 0.5 (74.4), respectively. Head­
ing dates of P^ and P^ were significantly (P < 0.01) later 
than Pg, but the 0.5 and 0.1 day differences in the means are 
too small to be of practical importance. The observed PQ 
means for plant height, grain yield, straw yield, and plant 
weight were below those expected on the basis of additive 
gene action. It appears that some form of nonadditive gene 
action was operating in the direction of late maturity, short 
plant height, and low yield. Point mutations are most fre­
quently recessive to the wild type alleles (Srb et al., 1965). 
If recessive point mutations were responsible for the in­
creased genotypic variation I observed, P^ means for these 
traits should have been above the midpoints between the means 
of P^ and P^. However, P^ means actually were below the mid­
point between P^ and P^, so another type of gene action was 
implied. Dominance of the mutation or interaction (epistasis) 
between the mutation and rest of the genome could cause devia­
tion of the P^ mean from the midparent value. 
In the P^ and P^, 23 mutant lines were observed in the 
1,580 EMS-derived lines tested. Assuming earlier maturity, 
shorter plant height, and greater yield were desired, then 
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there were only four desirable mutant lines, and all of these 
occurred in the One line was a day earlier in maturity 
than the earliest check line; one had a straw yield 2 g/plot 
greater than the highest check line; and two mutants had 
plant weights 0.8 g/plot higher than the hi^est check line. 
No mutant line had a higher grain yield than the highest 
check line. Arias and Prey (1973) found one mutant line 
with higher grain yield from 1,141 Kg-derived lines tested. 
Frey (I969) reported, however, that Fg-derived lines from 
some crosses of check and M^-derived lines of oats were dis­
tributed approximately equally above and below the check mean 
for grain yield, 100-seed wei^t, plant height, and heading 
date. The check was homogeneous for these traits and only 
M^-derived lines that did not differ significantly from the 
check were used in crossing. Lines used in my study were 
randomly chosen, and this may account for the contrasting 
results. 
Significant (P < 0.01) genetic variation was observed 
in the for heading date, plant height, straw yield, and 
plant weight. Sixteen varieties of oats studied by Arias 
and Frey (1973) all had significant genetic variability for 
grain yield. Joshi (I967) found that the Clintland oat 
variety (the recurrent parent for CI 7555). however, was 
genetically homogeneous for heading date, plant height, and 
weight per 100 seeds. Genetic variation in the P^ may have 
resulted from residual heterozygosity, outcrossing, seed 
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admixture, or spontaneous mutation. One line in the was 
considerably lower in plant hei#it, grain yield, straw 
yield, and plant weight, than the rest of the lines. Removal 
of this line from the analysis did not eliminate significant 
genetic variation in P^. The highest yielding check line was 
k-k'fc above the P^ mean. Because an M2- or Fg-derived line had 
to be poorer or better than any check line to be classed as a 
mutant or deviant, the very large range in P^ for all traits 
may have kept some true mutants from being classed as such. 
For example, if a mutation for early maturity occurred in a 
check line with late maturity it is unlikely that it would be 
classified as a mutant for early maturity. In light of the 
genetic variation observed in P^, the number of mutants was 
also determined on the basis of the least significant differ­
ence (LSD). Lines exceeding the P^ mean in either direction 
by more than the 5?^ LSD were classified as mutants in this 
scheme. The number of mutants in both the plus and minus 
directions for each trait are presented in Table 20 for the 
three populations. Using this criterion, the number of lines 
that would be expected to exceed the 5/^ LSD in both directions 
would be about 40, i.e., the number expected on the basis of 
a normal distribution, and they would be nearly equally dis­
tributed in the plus and minus directions. The number of 
lines in the P^ which exceeded the LSD was similar to that 
expected for a normal distribution for the five traits 
studied, and this would argue for a homogeneous P^. However, 
Table 20. Number of lines exceeding the check population mean by the 5% least 
significant difference in either the positive or negative direction 
for heading date, plant height, grain yield, straw yield, and plant 
weight for three oat populations 
Heading Plant Grain Straw Plant 
date height yield yield weight 
Population - + - + - + - + - + 
Pc 11 11 5 0 2? 20 13 17 23 19 
^m 
10 51 6? 1 205 10 134 5 186 7 
7 28 44 6 129 10 77 17 115 16 
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the magnitude of their deviation from the mean must also be 
taken into consideration and the analyses of variance for the 
five traits indicated that significant genetic variation 
existed for the five traits. In most of the mutant lines 
were later, shorter, or lower yielding than the mean, and 
the number of lines classified as positive mutants was not 
higher than for P^. In P^ the predominance of lines classi­
fied as mutants was also later, shorter, or lower yielding, 
with the number of lines in these classes being midway between 
the P^ and P^. It is apparent from the number of lines ex­
ceeding the 5?^ LSD, that a large number of mutants was pro­
duced, and that there were many more mutants for grain yield, 
straw yield, and plant weight than for heading date and plant 
height. This may be attributed to the number of genes con­
trolling these traits. A lower frequency of mutations for 
heading date and plant height would be expected, since they 
are more simply inherited. Thus, the conclusions arrived at 
using the 5^ LSD agree with those based on Arias' (1971) 
definition of a mutant. 
Genetic variances and their associated standard errors 
are presented in Table 21 for each oat population. EMS 
treatment increased genetic variance for heading date, plant 
height, grain yield, straw yield, and plant wei^t by 225, 
100, 130, 146, and 132#, respectively, in P^ relative to P^. 
All percentages are lower than the 3230 average increase in 
genetic variance for grain yield reported by Arias (1971) for 
Table 21, Genetic variances and associated standard errors for heading date, 
plant height, grain yield, straw yield, and plant weight for three 
oat populations 
Genetic variance 
Source Heading : date Plant height Grain yield straw yield Plant weight 
Vl-c 0.44 ± 0. 01 4.6 ± 0.6 13.3 1.8 11.3 2.0 47.6 ± 25.4 
"l/Pm 1.26 i 0.01 9.2 ± 1.0 30.6 4.6 27.8 5.3 110.4 ± 67.3 
I"/Pm 0,60 ± 0.01 3.2 ± 0.5 9.3 ± 4 . 9  3.3 5.4 45.2 ± 69.3 
Gg/r/Pm 0. 65 ± 0.01 6.1 ± 0.7 21.4 ± 5.4 24.5 ± 8.4 86.8 -i; 92.8 
Gl/fo 0.91 i 0,01 11.0 ± 1.2 29.0 ± 4.4 29,4 ± 5.1 112.2 65.2 
FAo 0.45 ± 0.01 6.3 ± 0,6 7.8 ± 4.6 7.2 ± 5.2 48.6 J: 67.4 
Gz/F/Pn 0.45 ± 0.01 4.8 ± 0.8 21.2 db 3.1 22.3 db 7.3 85.2 88.6 
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nine Corn Belt oat varieties. However, his results for 
individual varieties ranged from 99 to 981^, so it seems 
likely that the genotype of the variety treated has con­
siderable influence on the amount of variability induced. 
In , genetic variances for heading date, plant height, 
grain yield, straw yield, and plant weight were 125, 139. 
118, 160, and 136^, respectively, greater than those in P^. 
The P^ would be expected to contain less genetic variance 
than P , since half of the mutant alleles should be lost 
m 
upon outcrossing. However, genetic variance in the P^ was 
not less than for P^, except for heading date. Perhaps this 
difference in reaction among characters is related to the type 
of gene action or the inheritance of the trait. Krull (i960) 
and Joshi (1967) found heading date to be less mutable than 
plant height and 100-seed weight. 
Genetic components of variance for heading date were 
equal for among families and among lines within families in 
P^. In P^ the among families component was slightly larger. 
These results for heading date are in agreement with those 
of Krull (i960) and Joshi (I967). For plant height the among 
family genetic variance was somewhat larger in P^; however, 
in P^, the lines within family component was nearly twice as 
large. No explanation for the discrepancy in distributions 
for the two components for plant height in P^ and P^ is 
apparent. The lines within family component of genetic 
variance was nearly twice as large as the among family 
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component for grain yield, straw yield, and plant weight, and 
both P and P had similar distributions. This may result 
m o 
from the occurrence of macromutations at a low frequency, so 
that any one plant would carry one or a small number of macro-
mutations. These may be accompanied by micromutations; 
however, the effect of the micromutations mai,' be masked by 
the presence of macromutations with a much larger effect. 
Loesch (1964) and Emery et al. (1972) found that genetic 
background associated with several peanut macromutants con­
tained micromutations that differed in both magnitude and 
direction and that through crossing these effects were 
separable from the major mutant locus for the character. 
Genetic variance for the lines within families component would 
be expected to be larger, since Kg'derived lines from a single 
K-j_ plant may or may not carry the macromutant. This would 
create a large amount of variation within families, and the 
among families component would not be expected to increase 
proportionally, because it is based on the average of the 
lines within a family. The contrasting performance of heading 
date and yield may result from the difference in inheritance 
for the two traits. As noted previously, mutations for yield 
were more frequent than for heading date. This probably con­
tributed to a more uniform distribution of genetic variance 
between the among and within families components for heading 
date. 
Frequency distributions for heading date were skewed 
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toward later maturity in both and P^. For plant height 
P^ was skewed the most toward shorter plant hei^t. P^, P^ 
and P^ were all skewed toward low grain yield, straw yield, 
and plant weight. P^ showed greater skewness than P^ in 
the direction of later maturity, shorter plant height, and 
lower plant weight. This resulted from the occurrence of lines 
in P^ which were later, shorter, and lower yielding than in 
P^ and P^. Why these lines are more frequent in is not 
clear. Kurtosis values indicate that P^ had a greater pro­
portion of lines near the mean. 
Phenotypic and genetic correlations among grain yield, 
straw yield, and plant weight did not appear to be influenced 
by mutagen treatment or outcrossing. The magnitude of pheno­
typic and genetic correlations of plant height with grain 
yield, straw yield, and plant weight were consistently lower 
in P^ than in P^ and P^; however, P^ did not differ signifi­
cantly from Pg. The lower correlations between plant height 
and yield is probably of no practical value since it was not 
retained following outcrossing. Genetic correlations of 
heading date with the other traits were negative and generally 
low. No consistent effect of mutagen treatment on correla­
tions with heading date was observed. 
My results indicate that useful mutagen induced genetic 
variation was not released by directly outcrossing plants 
of oats with nonmutated lines. However, the large amount of 
genetic variation inherent in the check may have prevented 
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its detection. The lines used in my study were essentially 
random lines, with the only intentional selection criterion 
being production of sufficient seed for testing. In those 
instances where outcrossing has been shown to release induced 
mutations for improved yield (Emery et al., 1964; Hagberg and 
Persson, 1968; and Frey, I969). the lines used were highly 
selected prior to crossing. Thus it appears that selection 
prior to crossing is essential for the release of useful in­
duced mutations for quantitative traits; however, additional 
research is needed to confirm the validity of this approach. 
My results indicate that the plant breeder should select among 
a large number of families with only a few lines per 
family. It may be possible to isolate some improved segre­
gates that are superior to the check from the best performing 
r.:2- and Fg-derived lines. Further study of the variation 
within lines would also be beneficial in eliciting the nature 
of the inheritance of the induced mutations. 
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SUMMARY 
Three populations (P^, P^, P^) were developed from a 
single line (CI 7555) of oats to evaluate the effectiveness 
of outcrossing as a means of releasing useful mutagen-induced 
genetic variation for quantitative traits. Data were col­
lected on heading date, plant height, grain yield, straw 
yield, and plant weight. The following results were observed. 
1. SMS treatment induced later maturity, shorter plant 
height, and lower yield. 
2. Outcrossing produced some recovery toward the P^ 
mean, but the P^ means for the five traits studied 
were less than midway between P^ and P^, indicating 
that some form of nonadditive gene action was acting 
in the direction of later maturity, shorter plant 
height, and lower yield. 
3. EMS treatment increased genetic variance for all 
traits studied. 
4. P^ contained significant genetic variation for the 
five traits studied. 
5 .  Genetic variation did not decrease with outcrossing 
except for heading date. 
6 .  A total of 23  mutant lines were observed for the five 
traits studied. No mutant lines with a higher grain 
yield were observed. There were two mutant lines 
for higher plant weight, one for higher straw yield. 
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and one for earlier maturity. Genetic variation 
within limited the number of lines classified as 
mutants. 
Outcrossing increased the range of genetic variation 
observed. Twenty-one of the 23 mutants occurred in 
ÏC-
The lines within families component of genetic vari­
ance v/as larger than the among families component in 
both and for grain yield, straw yield, and 
plant weight. This was also true for plant hei^t 
in P^; however, in P^ the among families component 
of genetic variance was larger. Among families and 
lines within families components were of similar 
magnitude in both populations for heading date. 
Frequency distributions for grain yield, straw 
yield, and plant weight were skewed more toward 
low yield for P^ than for P^. P^ had a greater con­
centration of lines near the mean. 
EMS treatment appeared to have no effect on correla­
tions among heading date, grain yield, straw yield, 
and plant weight in either P^ or P^. Phenotypic and 
genetic correlations of plant height with the other 
traits appeared to be reduced in P^, but P^ did not 
appear to differ from P^. 
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11. My results indicate that useful mutagen-induced 
genetic variation was not released directly by out­
crossing plants of oats with nonmutated lines. 
However, genetic variation inherent in the check may 
have prevented its detection. 
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